Abstract The inter-relationships of sleep disordered breathing (SDB) and heart failure (HF) are becoming increasingly well-characterized. The pathways linking the 2 entities are likely bidirectional and key underlying pathophysiological mechanisms at play include autonomic nervous system fluctuations, intermittent hypoxia, intrathoracic cardiac mechanical influences, rostral fluid shifts and upregulation of systemic inflammation and oxidative stress. Given the increased morbidity and mortality which accompanies heart failure, the recognition and treatment of factors such as sleep disordered breathing is paramount in order to mitigate these untoward downstream health consequences. Recently, the management of HF requires combining several treatments including pharmacotherapy, electrophysiologic therapy, and cardiac surgery to target the various complex facets of HF. Despite the development of HF treatments, HF remains to pose a great challenge to the general cardiologist. Herein we review several interventional studies highlighting the effects of treating SDB on HF morbidity and mortality with a notable predominance of literature focusing on HF reduced ejection fraction (HF-REF) as well as emerging data describing SDB treatment effects in HF preserved EF (HF-PEF). These data are compelling yet with intrinsic limitations, which underscore the need for appropriately powered clinical trials employing rigorous clinical trials methodology to examine the effect of SDB treatment on HF progression and associated adverse outcomes.
Introduction

Heart Failure and Emerging Risk of Sleep Disordered Breathing
The burgeoning epidemic of heart failure (HF) is characterized by a prevalence of more than 5.8 million and approximately 670,000 new cases diagnosed per year [1] . Heart failure results in considerable patient morbidity, mortality and increase economic health burden. Specifically, heart failure is associated with both atrial and ventricular cardiac arrhythmias and accompanying challenges related to treatment and management as well as factors that result in perpetuation of heart failure progression. Moreover, patients with HF have a very poor prognosis, which is underscored by data which demonstrate that 50 % of HF patients die within 4 years of diagnosis and over half with severe HF die within a year. In chronic advanced HF, the mean 5-year survival rate is estimated at 25 %-50 % and is comparable with that observed in cancer [2] . Furthermore, the increased economic burden stems not only from management, which is constituted by pharmacologic and nonpharmacologic strategies, but also from hospital readmissions, which on average occur within 3 months of the prior admission [3] . Of note, severe sleep disordered breathing (SDB) has been identified to result in a 50 % increased risk of readmission in heart failure, thereby representing a viable target to improve HF status and reduce costs [4] . Overall, these adverse consequences and associated increased costs highlight the critical need to identify other therapeutic secondary prevention targets such as SDB.
SDB is becoming increasingly recognized as an important factor in both the development and progression of heart failure. SDB can be characterized by various phenotypes including an obstructive predominance vs a central predominance of respiratory disturbance both of which have been linked with HF. The distinction of different etiologic bases of heart failure has also been elucidated in recent guidelines [5] , ie, heart failure with reduced ejection fraction (HF-rEF) and heart failure with preserved ejection fraction (HF-pEF). Heart failure and SDB share synergies in terms of respective risk factor profiles and linkages with comorbid factors. For example, it is well established that there is a close relationship with increasing age and increasing prevalence of HF, a phenomenon which is mirrored in individuals with SDB [6] . Although contributions to SDB occur via obesity-dependent and independent pathways, obesity is a firmly established SDB risk factor. Obesity is also recognized as a risk factor for HF associated with various untoward hemodynamic alterations which predispose to cardiac remodeling and ventricular dysfunction [7] . SDB represents an important risk for hypertension with reversal of SDB pathophysiology demonstrating reductions in blood pressure. Along this pathway, hypertension serves as risk for coronary artery disease and ischemic cardiomyopathy as well as diastolic dysfunction contributing to HF-pEF.
Sleep Disordered Breathing Epidemiology and Definition
SDB is characterized by recurrent partial or complete upper airway collapse or airway narrowing with resultant apneas and hypopneas respectively with accompanying intermittent bouts of hypoxemia, hypercapnia, and elevated sympathetic nervous system activation [8] . SDB is a common condition, remains vastly under-recognized and therefore, a likely high proportion of avoidable cardiac risk, notably heart failure, is not being effectively addressed from a therapeutic standpoint. Independent of obesity and other confounding factors, SDB has been associated with increased cardiovascular disease, arrhythmia, stroke and heart failure [9] [10] [11] . Epidemiologic data have shown that the prevalence of SDB is approximately 10 % in the general population [12] . In the heart failure population with reduced left ventricular ejection fraction (EF≤40 %, HF-rEF), SDB has been identified in 50 %-75 % of cases [13, 14] , however, SDB prevalence estimates in the HF-pEF population remain somewhat unclear. Although data pertaining to the prevalence of SDB in HFpEF is relatively scarce, existing data support a prevalence of SDB of approximately 55 % [15] .
The standard metric to capture the severity of SDB is the apnea hypopnea index (AHI), which is gleaned from overnight polysomnography and defined as the number of apneas and hypopneas which occur per hour of sleep on average. An apnea is defined as cessation of respiratory airflow for >-10 seconds and scored as an obstructive event in the presence of persistent thoracoabdominal effort or conversely as a central apnea if there is lack of thoracoabdominal effort. Although there have been varying definitions of the hypopnea, most recently this has been defined by the American Academy of Sleep Medicine as a 30 % reduction in airflow lasting for >10 seconds associated with a >3 % oxygen desaturation or arousal [16] . Although distinguishing obstructive from central hypopnea cannot be reliably performed without more invasive monitoring (ie, esophageal balloon monitoring), features such as the presence of thoracoabdominal paradox, snoring, and flow limitation can be used to assist in the differentiation of the obstructive from the central hypopnea [16] . An apnea hypopnea index of less than 5 events per hour of sleep is considered to be within normal range, while a range of 5-15 is mild, 15-30 is moderate and >30 is severe [17] . SDB, in part due to sleep fragmentation, can be associated with decrements in quality of life oftentimes related to excessive daytime somnolence, irritability, and negative impact on work performance. Although common signs and symptoms of SDB include snoring, witnessed apneas, daytime sleepiness, gasping/ choking episodes, nocturia, and morning headaches, symptoms in HF are oftentimes challenging to ascertain given that HF in of itself oftentimes is associated with such symptoms. Under-diagnosis of SDB in this population likely occurs as these symptoms may be attributed to HF rather than raising suspicion for SDB. Furthermore, those with HF may have a less prominent sleepiness phenotype and appear to more commonly present with sleep maintenance insomnia symptoms. SDB is characterized by 2 primary subtypes, ie, obstructive sleep apnea (OSA), which involves mechanical upper airway obstruction and central sleep apnea (CSA), the latter which may occur with or without Cheyne Stokes Respirations (CSR). The pathophysiology of OSA is based upon the concept of the airway serving as a Starling resistor during sleep such that under passive conditions the intraluminal pressure falls below the extraluminal pressure [18] . The critical closing pressure is identified as the intraluminal pressure at which there is collapse of the upper airway. The key determinants of the critical closing pressure include intraluminal and extraluminal pressures, activity of the pharyngeal dilator muscle, and compliance of the pharyngeal wall. On the other hand, common predisposing factors for CSA include enhanced central and peripheral chemosensitivity, hypocapnia and left ventricular dysfunction [19] . CSA often involves a high loop gain state with neurologic dysregulation of ventilatory control. CSA in heart failure occurs via mechanisms related to pulmonary congestion resulting in stimulation of the pulmonary vagal irritant receptors resulting in hyperventilation, hypocapnia, and arousals during sleep, which then further perpetuate the hypocapnia and central apneas [20] . A narrowing of the "delta gap" occurs, ie, the difference between the apneic threshold paCO2 and the prevailing arterial paCO2, which then increases vulnerability to central apnea generation. The distribution of obstructive vs central apnea pathophysiology in heart failure appears to vary. CSA has not only been associated with increased hospital readmissions, but also with increased arrhythmogenic risk, accelerated HF progression, and increased morbidity and mortality [21] . It is possible that these associations reflect the underlying pathophysiology intrinsic to HF and/or the direct effect of apnea-and hypopneainduced sympathetic activation, which further perpetuates HF progression.
Common Underlying Pathophysiologic Mechanisms Linking Sleep Disordered Breathing and Heart Failure When placing into context various modalities of treatment amenable to improvement of SDB in HF, it is important to have a firm understanding of the underlying mechanisms at play. Multiple likely bi-directional pathophysiological mechanisms connecting SDB and HF have been elucidated in prior studies. For example, SDB is accompanied by autonomic nervous system dysfunction, augmented systemic inflammation and oxidative stress, elevated blood catecholamine levels and blood pressure, increased peripheral vascular resistance, increased pulmonary artery pressure, right and left ventricular afterload and reduction in the control of baroreceptor reflexes [22] .
Autonomic nervous system influences play a prominent role in SDB and HF development and progression. For example, OSA characterized by repetitive upper airway obstruction, leads to intermittent hypoxia, which can stimulate the sympathetic nervous system via reflex mechanisms [23] . This influence becomes even more pronounced in the context of increase CO 2 levels accompanying apnea. Hypoxia also leads to pulmonary vasoconstriction, which increases pulmonary artery pressures and myocardial workload, thereby perpetuating HF pathophysiology by increasing myocardial stress and compromising myocardial contractility [24, 25] . Hypoxia, hypercapnia, and arousal act in concert to trigger sympathetic nervous system surges and neuronal noradrenaline release resulting in an increase rather than a fall in blood pressure during sleep, ie, the so-called "nondipping" blood pressure pattern, which is recognized to increase cardiovascular risk [26] . We have published data demonstrating nondipping blood pressure patterns in those with increasing SDB severity and known or increased cardiovascular disease risk [27] . In addition to systemic influences, it has also been observed that local sympathetic activation responses are at play, particularly at the level of the kidney, with SDB effects resulting in activation of the renal medulla thereby increasing circulating norepinephrine levels in SDB. SDB may also negatively affect the heart in patients with HF in whom muscle sympathetic nerve activity is elevated Compared with patients without HF. Sympathetic activation has been observed to be elevated in SDB with HF and increased noradrenalin occurred in the advanced systolic HF [28] . Autonomic nervous system dysfunction has also been identified as a contributing factor in diastolic function including influences on left atrial function highlighting potential implications of SDB effects in HF-pEF as well [29] .
Rostral neck edema characterized by fluid displacement from the lower extremities to the neck may facilitate OSA development during sleep in the recumbent position due to fluid shift-induced parapharyngeal edema and increased tissue pressure resulting in pharyngeal obstruction; ie, obstructive respiratory events. The resulting higher airway resistance also results in a reduced volume of ventilation and, thereby, increased paCO 2 [30] . Central apnea may be stimulated by the rostral fluid shifts in HF due to fluid accumulation in the lungs from pulmonary edema, which in turn provokes hyperventilation, hypocapnia, and therefore, drives down the paCO 2 below the apneic threshold thus, precipitating a central respiratory event. Overnight rostral fluid shifts appear to augment the severity of SDB; an effect which appears to be most pronounced in males with HF. For example, in nonobese men, OSA severity was strongly related to the degree of overnight leg fluid volume reduction and concordant increase in neck circumference [31] . Reduction of leg fluid volume was the strongest correlate of the AHI even independent of obesity and accounted for 64 % of the variability in AHI [31] . Overnight increase in neck circumference correlates with the overnight reduction in leg fluid volume further supporting the notion of redistribution of fluid from the legs to the neck [32] .
Systemic inflammation and oxidative stress have been well-studied in OSA, albeit there is a relative dearth of data in upregulation of these pathways in CSA. Inflammation and oxidative stress have not only been implicated in coronary artery disease thereby contributing to ischemic cardiomyopathy, but also hypertension leading to ventricular hypertrophy/ HF-pEF as well as exerting direct effects on cardiac myocytes thereby contributing to the morbidity and mortality of HF. While some studies are conflicting, relative to OSA, metaanalyses of data examining the relationship of C-Reactive Protein, IL-6, IL-8, and TNF-alpha, well-recognized markers implicated in cardiovascular disease, have demonstrated elevated levels in individuals with OSA vs controls [33] as well as benefit of OSA treatment with continuous positive airway pressure (CPAP) resulting in reduction of these markers of inflammation [34] . Therefore, it is plausible that reversing the physiology of OSA may actually have favorable effects on HF outcomes. Myeloid-related protein 8/14 is a heterodimer with intrinsic pro-inflammatory effect and observed to be an independent predictor of cardiovascular events and recent data have demonstrated a potential relationship with measures of hypoxia in OSA [35] . Similar to what has been described in obesity (and potentially with synergistic overlapping influences) [36] , SDB via pathways of inflammation and metabolic risk may increase the risk of HF by inducing cardiac structural changes, eg, cardiac fibrosis by affecting the fibrotic and remodeling response after cardiac injury. OSA is accompanied by impressive levels of intrathoracic pressure alterations approaching negative 65 mmHg, which has been specifically observed in those with OSA and HF [37] . These OSAinduced increasingly negative intrathoracic pressures have direct mechanical effects on the heart resulting in increased juxtacardiac and transmural pressures and increased ventricular afterload and myocardial oxygen demand [38] . These OSA-related perturbations with cyclic changes in venous return in HF can challenge the already vulnerable heart and contribute to HF progression.
Influence of Sleep Disordered Breathing Treatment on Heart Failure
Recently, the management of HF requires combining several treatments including pharmacotherapy, electrotherapy, and cardiac surgery because of the inherent complexities of HF pathophysiology. Despite the development of novel treatments to mitigate HF progression and morbidity and mortality, HF continues to pose a challenge to effectively treat. In light of plausible underlying biologic mechanisms as outlined above, considering SDB as a secondary preventive target therefore, represents a potentially effectual approach to address adverse HF consequences. The majority of data published thus far have focused on HF-rEF with very small scale studies suggesting treatment benefit of SDB for example with adaptive servoventilation (ASV) in HF-pEF [39] . Identification of SDB in HF should always begin with optimization of the medical management of HF according to standard established guidelines. Beyond this, below are other treatment options for SDB in HF, which are viable options within our armamentarium.
Supplemental Oxygen
In systolic HF, nocturnal supplemental oxygen has been shown to mitigate central sleep apnea, reduce apnea-related hypoxia, reduce BNP levels and reduce catecholamine levels [40] [41] [42] [43] . Mechanistically, it is plausible that supplemental oxygen may improve the ventilatory instability which accompanies central apnea and reduces sympathetic nervous system activation as hypoxia is a recognized stimulus for sympathetic activation. Early work also showed improvement of sleep consolidation with use of nocturnal oxygen therapy by reducing the arousals resulting from the hyperpneic phase of Cheyne Stokes Respirations (CSR) [41] . Follow-up work showed that the inhalation of oxygen had immediate effects in improving CSR and this effect may be mediated by the level of the arterial paCO2 [44] . This rise in paCO2 leads to widening of the difference between the prevailing paCO2 and the apneic threshold paCO2, which reduces the likelihood of ventilatory instability. Although recently published multicenter interventional trial data highlight the lack of significant benefit of the use of supplemental oxygen alone vs continuous positive airway pressure (CPAP) and vs healthy lifestyle change in terms of reduction of mean arterial blood pressure in moderate to severe OSA, the patients considered for this study overall did not have more advanced stages of HF and, therefore, findings are not generalizable as such [45•] . As there are data demonstrating that even in the setting of OSA, ventilatory instability and high loop gain are important mechanisms, those with HF in particular may derive benefit from supplemental oxygen given that it lowers loop gain and significantly reduces the severity of apnea burden [46] . Supplemental oxygen has been shown to reduce central apnea burden (and as anticipated hypoxia) as well as reduce heart rate in a pre-and postintervention study involving patients with stable HF [47] . Three randomized controlled trials have been performed showing both short-term (12 week) and long-term benefits of supplemental oxygen in those with central predominant apnea in terms of CSA and CSR, NYHA class, activity scale quality of life score and objective measures including left ventricular ejection fraction (LVEF), exercise capacity and cardiac sympathetic nerve activity [48] [49] [50] .
Continuous Positive Airway Pressure
CPAP in general has been considered the mainstay of OSA treatment. In those individuals with compromised left ventricular function and increased left ventricular end diastolic pressure, positive pressure delivered by CPAP exerts benefits in terms of reduction of left ventricular preload by increases in intrathoracic pressure, enhancement of stroke volume, improvement of pulmonary congestion and reduction of cardiac sympathetic activity [20] . In the setting of underlying left ventricular dysfunction, positive pressure also reduces preload by impeding venous return and reducing both right and left ventricular end-diastolic volumes [20] . Based upon results of an initial promising study involving a small sample size (n= 29) demonstrating improvement in 5-year mortality and cardiac transplantation in those with HF and CSA who were compliant with therapy, the CANadian Positive Airway Pressure (CANPAP) trial was designed. The CANPAP study was a randomized controlled trial undertaken to examine the effect of CPAP therapy for CSA-CSR in HF-rEF (LVEF <40 %) on cardiac transplant-free survival compared with control with a mean follow-up period of 2 years [52] .
Although treatment with CPAP improved secondary endpoints resulting in increased LVEF, decreased norepinephrine concentration and increased 6-minute walk time, there was no significant improvement on the primary endpoint of transplant-free survival compared with controls [51] . An interesting observation was the early poorer outcomes in the group randomized to receive CPAP treatment, which was postulated to be due to CPAP-related reduction in cardiac output in patients with lower filling pressures-this in part resulted in early termination of the trial. The overall better than anticipated survival may have been attributable to timing of the conduct of the trial during a period when beta blocker therapy was just becoming the standard of care and could have mitigated any "above and beyond" benefit of CPAP. Potential explanations for the unanticipated findings include suboptimal reversal of apnea pathophysiology (residual AHI after treatment was greater than 15) due to ineffectiveness of CPAP on improving CSA and/or limited adherence observed during the trial (average CPAP use of 3.6 hours per night at 1 year). To help elucidate whether findings of this study were due to ineffectively reversing CSA pathophysiology, post hoc analysis revealed that for participants with effective CSA suppression (AHI <15), LVEF and survival was significantly improved compared with untreated controls and compared with those whose CSA was not suppressed (AHI >15) [52] . There are several trials which have demonstrated improvement in LVEF, blood pressure, sympathetic activity, and quality of life in patients with OSA and HF treated with CPAP (Table 1) [39, [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] . Although the long-term survival benefit of CPAP treatment in HF with CSA remains unproven, there are several trials underway designed to investigate the effect of more advanced PAP therapy on HF outcomes.
Bilevel Positive Airway Pressure
In the setting of SDB and HF, there are many that oppose the use of Bilevel PAP given the potential to reduce paCO2 below the apneic threshold and perpetuate central apnea, albeit this route of therapy may be effective in addressing OSA. However, there may be a role for Bilevel PAP with timed back up rate (S/T mode), which provides inspiratory positive airway pressure (IPAP), expiratory positive airway pressure (EPAP) along with a backup respiratory rate, in those unresponsive to CPAP therapy to address prolonged central respiratory events. Bilevel PAP S/T mode triggers IPAP delivery when the flow sensors detect a spontaneous inspiratory effort. EPAP is then delivered as well as a backup rate to ensure that the patient is receiving a minimum pre-set respiratory rate if spontaneous breathing has not occurred. There are small scale studies that suggest Bilevel PAP with timed back up rate may be beneficial from the standpoint of improved BNP levels and increase in LVEF in patients who are refractory to CPAP therapy (defined as AHI>15 despite CPAP) [63, 64] . These 
Adaptive Servo-Ventilation
Adaptive servo-ventilation (ASV), a sophisticated mode of positive airway pressure delivery, has changed the landscape of SDB treatment in HF due to its ability to more effectively address the full spectrum of obstructive apnea, central apnea, and periodic breathing compared with more traditional PAP therapies. This is of particular importance in light of the data previously mentioned, which demonstrated improvement in survival in those with effective suppression of CSA vs less effective suppression with CPAP. As ASV can more effectively treat all apnea subtypes, this may allow for more effective SDB suppression and therefore translate into improvement in HF outcomes. ASV utilizes an anti-cyclic feedback control system delivering variable pressure support according to the sensed minute ventilation or peak respiratory flow based upon breath-to-breath-analysis of a preceding moving window of time. The servo-controlled automatic adjustment of IPAP (and, therefore, pressure support) is inversely related to the change in either peak flow or volume detected over a preceding window of time, ie, anticyclic ventilation, which serves to reduce the oscillatory breathing pattern characteristic of periodic breathing. Different companies employ differing algorithms in terms of sensing metrics (eg, flow vs volume) and maximum pressures delivered. For patients who have SDB recalcitrant to standard PAP therapy in terms of effective control, ASV represents a reasonable next step. A metaanalyses was conducted to examine the effect of ASV vs control in adult patients with stable HF and concluded that ASV was more effective than control conditions (and also in subgroup analyses compared with CPAP specifically) in reducing AHI and showed greater improvement in LVEF and exercise capacity compared with control conditions [65] . Although there are some data demonstrating improved 1-year survival and reduction of fatal cardiovascular events in those patients adherent with ASV compared with those who were nonadherent, these prognostic data are limited due to the residual confounding of the potential influence of aggressiveness of medical therapy used and the notion that compliers likely represent a different phenotype compared with noncompliers in terms of compliance with other aspects of their medical care which could impact HF outcomes [61] . In order to more effectively examine the impact of ASV treatment on HF outcomes, large scale multicenter clinical trials are needed. 
Pharmacologic Approaches
Several pharmacologic approaches have been studied in the setting of SDB and HF including theophylline and acetazolamide [67, 68] . Theophylline is a respiratory stimulant, a result of its competitive adenosine antagonist properties, and is also a phosphodiesterase III inhibitor, the latter resulting in positive inotropic effects. In those with HF-rEF, theophylline has been shown to significantly reduce periodic breathing and central apneas as well as arousals in addition to decreasing the degree of hypoxia exposure [68] . While the respiratory stimulant properties of theophylline may result in improvement in central apnea in HF, positive inotropic effects are recognized to result in unfavorable HF outcomes, which in addition to its pro-arrhythmogenic influences preclude the routine use of this medication in the setting of HF. Acetazolamide, a carbonic anhydrase inhibitor resulting in metabolic acidosis and also with diuretic properties, in a small interventional trial served to improve objective measures of central apnea and hypoxia as well as subjective measures of sleep quality and daytime fatigue [67] . Interestingly, although acetazolamide leads to a metabolic acidosis, which would, via compensatory respiratory mechanisms, reduce paCO2, the benefit conferred by reducing central apnea is realized because it widens the gap between the prevailing and the apneic threshold paCO2 [69] .
It is important to note that these medications are likely best considered as adjunctive measures as although an improvement in SDB indices (typically~50 % reduction in SDB severity) was observed, there was not complete resolution of SDB, thereby rendering potential persistence of exposure to clinically relevant SDB. Larger trials are needed as existing studies while encouraging may have been underpowered.
Device Implantation Interventional Procedures
Phrenic nerve stimulation offers a novel alternative means to regulate breathing by utilizing a physiological approach to initiate respiration. This innovative modality may particularly represent an attractive option for patients who are PAPresistant or nonadherent. A small-scale feasibility study showed improvement in SDB measures including the AHI, central apnea index, 4 % oxygen desaturation index and reduced arousal index with the use of unilateral transvenous phrenic nerve stimulation therapy [70• ]. An ongoing multicenter adequately powered randomized controlled trial has been designed to more definitively address the efficacy of this approach. Cardiac resynchronization therapy, a therapy for patients with HF-rEF, works by simultaneously pacing both the right and left ventricles serving to reduce mechanical dyssynchrony and improve cardiac output, thereby conferring hemodynamic benefit. Limited data support an improvement, albeit without resolution, of both obstructive and central sleep apnea with the use of cardiac resynchronization therapy [71, 72] .
Alternative Options
In those with HF, it is possible that maneuvers to reduce rostral neck edema could improve the degree of both obstructive and central sleep apnea. For example, the use of venous compression stockings reduced the fluid accumulation in the legs and translated into improvement in the extent of rostral fluid collection at night reducing the frequency of apneic events by a third [30] . Intensification of diuretic therapy may represent another method to reduce rostral neck edema as well. Supplemental CO2 may be beneficial by raising the paCO2 above the apneic threshold in those with HF and hypocapnic CSA, however, holds limited practicability given the need for a closed circuit for CO2 delivery and carries side effects of anxiety and insomnia.
Conclusions
SDB and HF share common risks and appear to have bidirectional pathophysiologic underpinnings. SDB-related autonomic nervous system dysfunction, intermittent hypoxia, increased negative intra-thoracic pressure, and rostral fluid shifts play a role in pathogenesis of HF. While traditional PAP therapies to treat SDB appear to demonstrate benefit in HF-rEF in terms of improving quality of life and ventricular function, reversal of central apnea pathophysiology with this mode of therapy is inconsistent at best. ASV offers a more sophisticated approach to address not only obstructive sleep apnea, but also more effectively combat central apnea and periodic breathing pathology commonly observed in HF. ASV apparently translates into superior effectiveness compared with traditional PAP in improving the severity of SDB, augmenting LVEF, and improving exercise capacity based upon controlled studies and clinical trial data. While pharmacologic treatment with medications such as acetazolamide may be effective in improving in particular the central component of SDB, data indicate lack of effective SDB resolution suggesting its role as a possible adjunctive therapy. Novel therapies such as phrenic nerve stimulation may also offer important therapeutic options particularly for those who are nonadherent with more standard PAP therapies. Studies are underway to more conclusively address benefits of SDB treatment on HF outcomes including readmissions and mortality. Future work is needed to further clarify the biologic relationships at hand relative to SDB and HF with a focus on understudied areas such as the role of systemic inflammation and oxidative stress in CSA as well as potential benefits of SDB treatment in HF-pEF.
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